This study was carried out at Faculdade de Medicina Veterinária e Zootecnia, Universidade Estadual Paulista, Botucatu, SP, Brazil, and evaluated bone quality in broiler breeders. Twenty-three families of Ross broiler breeders were housed in 5.0-m² pens. The families were comprised of 13 females and one male at the onset of the experimental period. The mean number of females per family was 9.34 at the end of the trial. The feeding program and management followed strain guidelines (Agroceres Ross, 2003) . Bone analyses were performed in the right tibia and femur using optical radiographic densitometry at 4, 8, 12, 15, 20, 24, 30, 35, 42, 47 and 52 weeks of rearing. Trap nests were used to collect eggs from the breeders two weeks before and after the evaluation weeks. At each evaluation day, five birds were sacrificed after radiographs were taken and the tibias and femurs were collected to perform the following analyses: fat-free dry matter, ash percentage, bone resistance and Seedor index. Therefore, it was possible to establish correlations between bone quality and eggshell quality. Characteristics of bone quality were highly correlated to each other; on the other hand, there were no correlations between bone quality and external egg quality. In conclusion, there was no effect of egg production on egg quality, possibly because there was no reabsorption of bone minerals.
INTRODUCTION
The poultry industry has employed up-to-date technology to rear birds. New knowledge has been constantly generated in order to produce healthier food at lower costs. Broiler breeder rearing is the division of the poultry industry that aims to produce fertile eggs of high quality, but also cost-effectively. Many factors contribute to the progress of the techniques and management practices used in this area. The most appropriate approach to obtain a highly viable production still seems to be caring for the interaction between genetics, nutrition, health and environmental conditions.
The breeding programs of broiler breeders have aimed the production of progenies with adequate body development and fast weight gain. This is one of the reasons why broiler production is currently the most important source of animal protein in Brazil (Rios et al., 2002) . Nevertheless, the occurrence of abnormalities on the bone system such as tibial dyschondroplasia and necrosis of the proximal femur have caused economical losses. Therefore, an inexpensive and precise technique is needed to assess bone health by sequential analysis of bone mass changes. Optical radiographic densitometry is a biophysical technique of great experimental and clinical importance that might help to better understand and evaluate the bone mineralization process (Louzada, 1994) .
Bones are part of the locomotion system. Some of the functions of bones include growth, support of the body weight, protection of inner organs, providing strength for muscle contraction and movement, mineral storage, and hematopoiesis (production of blood cells). Anatomically, bones are classified as long, short, flat or irregular. Long bones are comprised by the epiphysis (ends), physis (joint cartilage, epiphyseal cartilage and epiphyseal plate), metaphysis and diaphysis. The growth of long bones involves the radial growth of both epiphyses together with endochondral ossification and diaphysis ossification. Intramembranous growth occurs when bone tissue is deposited by osteogenic activity during epiphyseal growth. One of the most important structures in the study of bone growth after birth is the epiphyseal plate; the joint cartilage disappears after puberty and bone growth stops, although bone thickness still occurs (Macari et al., 1996 , Macari et al., 2001 .
Medullary bones such as the tibia suffer both deposition and bone reabsorption (bone loss). In broiler breeders, bone reabsorption might be less intense if diets with higher granulometry are fed, i.e., with large particles. Ingredients such as oyster meal are digested more slowly and extend the time of calcium supply directly from the gastrointestinal tract (Wilson et al., 1983; Julian, 2005) . Nevertheless, adequate calcium supplementation in the diet might prevent bone reabsorption.
Eggshell integrity is important in the rearing of broiler breeders and even laying hens, since this structure is responsible for the protection of the egg contents. In broiler breeders, the eggshell is the most important barrier against contamination of embryos with pathogenic agents and guarantees healthy newlyhatched chicks. Eggshell quality might be assessed by variables such as specific gravity and eggshell porosity; quality is positively correlated with thickness and negatively correlated with the number of pores (Leesson & Summers, 2000; Peebles & Brake, 1987) .
The objective of the present study was to evaluate the development of broiler breeders. Data on bone quality and external quality of the eggs was collected during the production period using low-cost and novel techniques. Correlations between eggshell quality and bone quality variables were also established.
MATERIAL AND METHODS

Birds, housing and management
This study was carried out using 280 female and 40 male breeders from the Ross 308 strain at the experimental poultry facilities of FMVZ UNESP/ Botucatu. The birds were housed in a masonry poultry house divided into 24 pens of 5 m 2 equipped with a black plastic screen (80% of light retention) and blackout curtains. Mean density was 2.6 birds per square meter. After 18 weeks of rearing, the black screen was removed and a total of 17 hours of light were provided per day by both natural and artificial lighting.
Until three weeks of rearing, infrared light brooders and initial hanging feeders were used. Afterwards, brooders were removed and feed was provided in troughs or adult hanging feeders. Feeding space was approximately 15 cm per bird. At ten days of age, all birds were debeaked using standard debeaking procedures.
Agroceres Ross guidelines (2003) were used as the basis for the feeding program and weight control. Daily feeding was used from 1 to 6 weeks of age and from 18 to 52 weeks of age. A 5-2 feeding program was adopted between 7 and 17 weeks of age (food is given in five days of the week), without calcium supplementation in the night-time.
During the initial and rearing phases, males and females were kept in separated pens. Afterwards, the birds were distributed into 24 pens (2.8 birds/m 2 ) with 14 birds each; there were 22 pens with breeder families and reposition males were kept in the two remaining pens.
Egg analyses included egg weight, eggshell percentage and specific gravity. Samplings were performed using trap nests, which enabled individual egg production records. The eggs were collected two days before and after the radiographs were taken.
Nutritional levels in the diets were determined following the strain guidelines according to the rearing phases (Agroceres Ross, 2003) , and males were fed separated from the females. Calcium granulometry was similar to that used in broiler feeding (smaller than 0.6 mm).
Radiograph optical densitometry
Bone mineral density analyses were performed using the radiograph optical densitometry and the values were expressed in aluminum millimeters (Al mm). Density was evaluated from 4 to 52 weeks of age (4, 8, 12, 15, 20, 24, 30, 35, 42, 47 and 52 weeks) . Eightyfour birds were randomly chosen to comprise the studied group; it was used 3 birds from 8 experimental pens and 4 birds from 15 pens.
Feed restriction was applied for 10 weeks (7 to 17 weeks of age). During this period, radiographs were taken from the restricted birds. During the full-fed period, radiographs were taken from birds subjected to fasting.
Birds were individually weighed to the nearest 2g and weight was recorded. Radiographs were taken at the Veterinary Hospital (FMVZ -UNESP/Botucatu) using a calibrated X-ray device placed at a focus-to-film distance of 63 cm. All radiographs were taken using green X-ray films from the same lot number that were placed in a cassette measuring 18x24 cm and equipped with rare earth screens. A calibration aluminum wedge (phantom) was placed onto the cassette, 3.0 cm distant from the region that would be radiographed and parallel to it, to be used as a densitometry reference standard. The phantom comprises 20 steps measuring 15 mm X 5 mm. The first step is 0.5-mm thick and thickness increases 0.5 mm at each step. Radiographs were taken using the X-ray device calibrated at 47kVp X 2m at 4, 8 and 12 weeks and at 47kVp X 4mAs afterwards.
Five birds were randomly chosen after radiographs were taken. These birds were killed and the legs were collected for analyses of bone resistance, bone ash percentage and Seedor index. The legs were dissected and the bones were frozen after identification. In the first sampling 84 birds were used (4 weeks of age), and this number was decreased at each sampling (5 birds per sampling day). On the last sampling at 52 weeks of age, 34 birds were sacrificed for bone quality analysis.
Optical density readings of the radiographs (bone mineral density) were performed using the software CROMOX ® ATHENA 3.1 at standardized conditions. Briefly, radiographs were scanned and analyses were carried out using a reading window of 10mm height and varying width (from 35 and 45 mm) according to the bone size. A horizontal axis with 0° of inclination was used. The inclination axis of the reading window was zero for tibia analyses and varied between 27°t o 32° for femur analyses, according to the inclination of the bone diaphysis.
Seedor index, bone resistance, fat-free dry matter and ash percentage These variables were determined using the tibias and femurs collected from 5 birds on each sampling day. In the last sampling (52 weeks), 34 birds were sacrificed and the bones were sampled.
The Seedor index is obtained by dividing the bone weight by its length (Seedor, 1993) and the bone density might be inferred from it, i.e., greater indices indicate greater density. Measurements were taken using a caliper and a digital scale to the nearest 0.0001 g.
Bone resistance was assessed in bones submitted to fat extraction with ethyl ether for 24 to 36 hours depending on the size of the bone. Analyses were performed at Departamento de Engenharia Rural, Faculdade de Ciências Agronômicas, UNESP/Botucatu. The analysis equipment (EMIC DL 10000) was calibrated to allow a 3-cm of diaphysis free space. This value was standardized for all bones, since it was the greatest free space possible to be used with the bone of smallest size. Standardization of the free space is necessary to allow the comparison of resistance (kgf) between bones.
Fat-free dry matter and ashes were performed using the same bones submitted to resistance analyses. Bone weight was recorded and the bones were dried for 72 hours at 60°C. After cooling inside a desiccator, they were weighed again. The percentage of fat-free dry matter was calculated for each sampled bone (Bruno, 2002) .
The samples were ground and 1-g sub-samples were taken to assess ash percentage. The sub-samples were placed in previously weighed porcelain crucibles and then in a muffle oven at 800°C for one hour. After cooling to ambient temperature inside a desiccator, the crucibles were weighed again and the percentage of ashes was calculated.
Eggshell quality -specific gravity and eggshell percentage Eggshell quality was assessed using specific gravity and eggshell percentage according to Castelló et al. (1989) . The evaluated eggs comprised eggs laid by the breeders from which bone quality was assessed, so that it was possible to establish correlations between eggshell quality and bone quality.
Statistical analysis
Statistical analyses were performed using the software SAEG (2003) . Data were submitted to analysis of variance (ANOVA) and Tukeys test was used to compare means (5%). Correlations were calculated using the test of Pearson at 5% (Gomes, 1982) . Curves of fatfree dry matter, ash percentage, Seedor index and bone resistance were adjusted by regression analysis.
RESULTS AND DISCUSSION
Bone mineral density values were obtained in vivo, whereas other results were obtained from bones sampled from slaughtered birds.
Bone quality was assessed in tibias and femurs by means of bone mineral density (BMD), fat-free dry matter (FFDM), ash percentage, Seedor index and bone resistance. Eggshell quality was assessed by means of egg weight, eggshell percentage and specific gravity. Table 1 shows bone quality and eggshell quality results. Bone mineral density of the tibia and femur and the respective equation of linear regression are shown in Graph 1 and Graph 2. BMD values in the tibia are similar to those reported in layers during the second laying period (Araújo et al., 2004) . In this previous study, low sodium levels were used in the diet and the values of tibia BMD (8.1 mm Al) are similar to those found in the femurs in the present study. These findings evidence that tibia and femur minerals have not been used for eggshell formation, because mineral deposition in the bones has occurred, except for a decrease in the femur density after 47 weeks of age, but these birds were not at maximum laying.
The values of fat-free dry matter, Seedor index and bone resistance were higher at 24 and 30 weeks of age, comprising both the pre-laying and early laying phases, since laying onset was at 27 weeks of age. Probably, there were high levels of ovarian hormones in the blood and the birds were preparing for production onset. Therefore, mineral requirements were increased, especially calcium requirements (Mahmoud et al., 1996; Agroceres Ross, 2000; Lesson & Summers, 2000; Luquetti et al., 2002) . The Seedor index values were slightly smaller than in broilers. According to Bruno (2002) , the values ranged between 17.03 and 87.46 in tibias and between 15.95 and 70.24 in femurs. Nevertheless, the author has also reported an increase in the values of Seedor index with increasing age.
The values of bone resistance are very similar to those reported in broilers aged between 42 and 53 days. Some authors have described values ranging between 9.24 and 19.61kgf in tibias and 9.51 and 20.31kgf in femurs (Lott et al., 1980; Orban et al., 1993; Bruno, 2002) .
Ash percentages are different from the results presented by Geraldo et al. (2004a) and Geraldo et al. (2004b) . Diets containing finely ground limestone were used in these previous studies and ash percentages were reported to range between 57.08 and 58.61% in the tibias of 5-week-old rearing pullets (Lohmann-LSL) and between 58.23 and 59.77% in 12-week-old pullets. In the present study, similar results were seen between 30 and 35 weeks of age. On the other hand, Vilar da Silva et al. (2004) have reported values of ash percentage between 41.1 and 44.4% in bones of semi-heavy layers at 18 weeks of age. The values reported in the present study were higher and decreased with age; they were similar to the values found by Vilar da Silva et al. (2004) only at the end of the production cycle.
Correlations between the evaluated characteristics of bone quality are shown in Table 2 . It was possible to observe that the bone quality characteristics were highly correlated between tibia and femur, except for bone resistance. Correlation was also high between the bone quality characteristics, except for bone resistance in the tibia, which was only correlated with bone mineral density of tibias and femurs. Ash percentage values showed a non-typical profile; negative correlations were found between ashes and BMD, Seedor index and fat-free dry matter.
Egg quality characteristics were correlated with few bone quality characteristics. Although egg weight showed slightly better correlations, the values were low. It may be inferred from such results that the birds did not use bone calcium from the tibias and femurs to produce eggshells. This is probably because bone calcium is used in eggshell production only when there is no availability of dietary calcium (Maggioni, 1998; Agroceres Ross, 2003; Julian, 2005) . Apparently, this was not the case in the present study, even though fine limestone has been used and no calcium supplementation has been provided in the night-time.
CONCLUSION
The evaluated bones were denser and more resistant in older birds. The bone mineral contents increased with time, since it was not necessary to make them available for eggshell production. 
